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COMPLETE SPECIFICATION 



ImBMT©TOnneate m os* relating 2o Gas Turbane installations 



We } Sulzer FnfcnES Soci6t£ Anonyme, 
a .Company organised under the Laws of 
Switzerland, of Winterthur, Switzerland, 
do hereby deolare the nature of this 
5 invention and in what manner the same is 
to ibe performed, to he particularly 
•described and .ascertained in and by the 
following' statement : — 
This invention relates to gas turbine 

10 installation's of the kind comprising a 
main turbo -compressor and a main 
turbine, the compressed working medium 
from the main turbo-compressor being" 
fed through .a recuperator in which heat 

15 is supplied thereto, in addition to com- 
bustion apparatus from whkli the 
products of combustion pass to the main 
turbine. The compressed medium which 
enters the combustion apparatus in such 

20 installations may be pUTe <air, or air and 
combustible gas or mixture of gases, but 
for .the sake of convenience it will be 
assumed herein to be air. 
In a gias turbine installation of the 

25 above kind according to the present- 
invention the working medium leaves the 
main turbine at a pressure aibove atmos- 
pheric pressure, flows through the 
recuperator so as to impart heat to .the 

30 compressed air and is then further 
expanded in an auxiliary turbine which 
drives an auxiliary turbo-compressor. 

The main turbine and turbo-compressor 
will be referred to as the main set while 

36 the- auxiliary turbine and turbo- 
compressor will be referred to as the 
auxiliary set. 

The auxiliary turbo-compressor pre- 
ferably draws in air from the atmosphere 

40 and delivers it under pressure to the 
main turbo^compressor and in this case 
an intermediate cooler for the air may be 
interposed between the auxiliary turbo- 
compressor and. the main turbo- 

45 compressor. 

Again, means may be provided for 
varying at will the quantity of com- 
pressed air supplied to the combustion 
apparatus by controlling the speed of the 

50 auxiliary set and in this way the power 
(Hit put of the installation can be regulated. 

If desired, the auxiliary set may be 
coupled to an auxiliary machine, for 



example a dynamo -electric machine, 
which can either absorb power from or S5 
give power to the auxiliary set for the 
purpose of controlling the speed of the 
auxiliary set as may Ibe required for 
regulating the power output of the main 
set. Thus where the main set drives an 60 
electric generator and the auxiliary set 
drives an auxiliary dynamo-electric 
machine, the speed of this auxiliary 
dynamo-electric machine may be directly 
determined by the current output of the 65 
generator driven by the main set. 

Again, means may be provided whereby 
the air compressed by the auxiliary 
turbo-corn pressor may be conveyed to the 
auxiliary turbine through an auxiliary 70 
combustion chamber so that the; auxiliary 
set can be operated independently of the 
main set as a small gas turbine installa- 
tion. With such an arrangement trans- 
mission apparatus including reduction 75 
gearing and a clutch may be provided 
whereby the auxiliary set can be coupled 
at will to the main set so that the 
auxiliary set can be employed to start the 
main set when the auxiliary^ set operates 80 
as an auxiliary gas turbine installation. 

Further, valve apparatus may be pro- 
vided in the pipe connecting the recupera- 
tor to the auxiliary turbine whereby this 
pipe can be connected at will either to an . 85 
intermediate stage of the main turbine or 
to the atmosphere for the purpose of 
enabling a quick change in the speed of 
the auxiliary set to be Obtained. 

It is to be understood that each unit of 90 
the plant, that is to say each tunbo- 
compressoi, turbine, recuperator or com- 
bustion apparatus, may consist of several 
elements constituting the complete unit. 

Since the total efficiency of a gas 95 
turbine installation of the kind referred 
to depends to a large extent on the 
individual efficiencies of the turbine and 
turbo-compressor., economical operation 
of the installation over a wide range of 100 
loads can only be obtained if both the 
main turbine and the main turbo- 
compressor work with a bigh degree of 
efficiency Under differ ent working con- 
ditio us/ The most obvious way of 105 
achieving this is to use a separate turbine 
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for driving- the main turbo -compressor 
and to operate this turbine at different 
speeds according -to the load. This, 
however, is not altogether satisfactory. 
5 Thus a multi-stage turbine can work 
efficiently only at a constant speed since 
the speed determines the pressure ratio 
and the latteT in its turn controls the 
volume ratio. As, however, the turbine 
10 has an. invariable cross-section for the 
flow of working medium, there is only 
one volume ratio at which all the stage* 
work satisfactorily and consequently only 
one speed at which satisfactory operation 
16 can be obtained. Tf, however, the speed 
of a turbine is kept constant, the only 
possible way of regulating its output h 
to alter the whole pressure level through- 
out the machine, assuming- that - no 
20 throttling valves or " group " valves for 
permitting- -partial admission are arranged 
In front of the machine, since these cause 
additional losses. With the present 
invention it will he seen that the pressure 
25 ratio can renin in the same and only tie 
absolute pressures vary in a maimer pro- 
portional to one another. 

Two 'constructions a • -cording to the 
invention are illustrated diaarammatic- 
30 ally "by way of example in the accompany- 
ing drawings., in which 

Figure i"is a diagrammatic ill ust rat ion 
of one form of installation according to 
the invention, 
35 Figure 2 is a heat-entropy diagram of 
a ^as turbine installation according to 
the invention, intermediate coolers being 
provided between the stages of the turbo- 
compressor, while intermediate heating is 
40 provided between the stages of the 
turbine, and 

Figure 3 shows diagram mati rally u 
modified form of installation according 
to the invention. 
45 The installation diagrammatic ally 
illustrated in Figure 1 comprises a main 
turbo-comtpressor 4, and a main turbine 8 
together constituting the main set and 
driving an electric generator .20, and an 
50 auxiliary turbo-compressor 2 and an 
auxiliary turbine 10 together constituting 
the auxiliary set. 

Air or a combustible gas or a*as mixture 
is drawn in by the auxiliary^ turbo- 
55 compressor 2 and delivered by a pipe 3 to 
the inlet end of the main turbo-compressor 
4 which will normally be constructed as 
a cooled turbo-compressor. The air com- 
pressed by the main turbo-compressor 4 is 
60 delivered by a pipe 5 through a recupera- 
tor 6 in- which this air is heated toy the 
• exhaust from the main turbine 8 and 
thence through a combustion chamber 7 
in which combustion takes place and from 
65 wdiieh the gases pass to the inlet end of 



the main turbine 8. Th<» main f'lrhjjie U 
conveniently constructed as a turbine 
with a plurality of intermediate com- 
bustion stages ili which additional heat 
thus supplied to the gases. 70 
The gase< arc not expanded in Lin 1 
m»in turbine to atmospheric pressure but 
are discharged through the pipe 9 at a 
pressure appreciably above atmospheric 
pressure and then flow through the 75 
recuperator 0 in which a hmye pari uf the 
heat is transmittal therefroiu to the air 
flowing through the yipe 5. The uas«-> 
th.is flow from the recuperator (i in 
cooled state into the auxiliary turbiut H» Hi) 
in which these gsisea are expanded sub- 
stantially to atmospheric pressure and 
discharged at 11-. 

The control of the plant thus far 
described can be effected in such a 80 
manner that the speed of the auxiliary 
set 2, 10 is determined in accordance with 
'the load on the . main set. Thus the 
initial pressure at which air is delivered 
throng)? the pipe 3 to tbe main turbo- 90 
compressor 4 can be varied in accordance 
with "the load, whereupon a correspond- 
ing: variation takes ^lace in the end 
pressure atovhich gas leaves the turbine 8 
through the : pipe 9, both which pressures 95 
normally in practice have approximately 
the same value. Thus the total pressure 
level in the main unit constituted by tbc 
turbo-compressor 4 and the turbine S can 
be varied in accordance with the load 100 
while this set can work at all times with 
practically constant efficiency. It is tnte 
that the efficiency of the. a uxiliary set 
constituted by tire turho-cdrupressor 2 
and the turbine 10 depends to some extent 105 
on its speed (that is to say on the load) 
but variations in the efficiency of this set 
are not excessive since, owing to the small 
pressure conditions thereof, it can operate 
with a comparatively small number of 11U 
stages. 

It will generally be found desirable to 
insert between "the auxiliary turbo- 
compressor 3 and the main turbo- 
compressor 4 an intermediate cooler, as 115 
indicated at 13. 

Further, in order to enable the speed 
of the auxiliary set to he changed a- 
quickly as possible, piping and valves, as 
indicated at 1-3 and 10, may be provided 120 
whereby the inlet side of the turbine 10* 
«• an be connecter! *n any desired inter- 
mediate stage of the 7n a in turbine 8 or 
can be connected to the atmosphere. Tin?-* 
sudden changes con b** effected in the 125 
piessure at which gases are supplied In 
the auxiliary turbine 10 and henr-e in tic- 
speed of this turbine. 

If, us in the construction shown, ;i 
dynamo-electric machine 12 is driven by 180 
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the auxiliary set, this electric motor may 
■ lie coupled electrically to the generator 
20 driven l>y the main set in such a 
mauner that the speed of the dynamo- 

5 electric machine 12 is determined by the 
speed of the generator 20, the dynamo- 
electric machine 12 acting either to 
reduce or increase the .speed of the 
.auxiliary set according to the speed of 

10 the generator 20. In this way it is 
possible to reg-ulate the whole installation . 
directly by variations occurring in thtf 
electric power requirements of the system 
fed by the generator 20. The centrifugal 

15 governor (not shown) of the main set 
which would normally Ibe provided then 
acts merely as a speed-correcting- member 
at least within the load range over which 
regulation can be effected by changes in 

20 'the speed of the aiixiliary txirbiue II) 
alone. 

If desired the auxiliary set may be 
■utilised to start tie main set. To this 
end the auxiliary set may be operated 

25 as an independent small gas turbine 
installation and means will then be pro- 
vided for supplying heat, for example by 
means of a burner, to the work in or fluid 
ibe fore its admission into the auxiliary 

30 turbine 10. In certain conditions it may 
also be advisable to provide a pipe by 
which air can be passed from the 
auxiliary turbo- compressor 2 directly into 
the auxiliary turbine 10 through com- 

35 bustion apparatus, .as indicated at 14. 

It will be appreciated that means must 
in this case also be provided for enabling* 
power to be transmitted from the 
auxiliary set to the main set and this may 

40 be- done by any desired mechanical, 
hydraulic or magnetic coupling, for 
example a mechanical clutch, as 
indicated at 21, incorporated in tians- 
inission gearing .connecting the two sets. 

45 Alternatively in the arrangement in 
which a dynamo-electric machine 12 is 
coupled to the auxiliary set, it will be 
appreciated that this machine may be 
driven as a generator by the auxiliary set 

50 working as an auxiliary gas turbine 
installation, the current generated by the 
machine 12 then being transmitted 
through the conductors 50 and Tabulating 
apparatus 51 to the main generator 20 

55 which then acts as a motor to start the 
main set. 

The regulating apparatus 51 may serve 
to regulate the transmission of power 
between the dynaino-eleotric machine 12 
60 r*nd the generator 20 in both directions. 
The operation of the machine as shown 
by the entropy diagram in Figure 2 is as 
follows. The line 22—23 represent* the 
period of compression, in the auxiliary 
65 compressor 2, 23 — 24 . represents inter- 



mediate cooling, 24 — 25 represents the 
period of compression in the first stage or 
set of stages in the main turbo-compressor 
4, 25 — 26 the first intermediate cooling in 
the main turbo-compressor 4, 26 — 27 the 70 
period of compression in the next stage of 
the main turbo-compressor 4, 27—28 the 
next intermediate cooling in the main 
turbo-compressor 4 and 28—29 .the period 
of compression in the third stage or set of 
stages in the main turbo-compressor 4. 
The line 29 — 30 represents the heating 
imparted to the air in the recuperator 6 
and 30 — 31 the heating imparted to the 
air in the combustion apparatus 7. 80 
31 — 32 represents the period of expansion 
in the first stage or group of stages of the 
main turbine 8, 32 — 33 represents the 
first period of interstage heating in the 
main turbine 8, 33 — 34 the expansion in 

85 

the next stage, 34 — 35 the second inter- 
stage heating, 35 — 36 the expansion in 
the third stage, 3fr — 37 the next inter- 
stage heating and 37 — 38 the expansion 
in the final stage of the main turflbine S. 90 
At the point 38 the pressure of the gases 
is still considerably above atmospheric 
pressure. 38 — 39 represents the cooling 
of the gases in the recuperator 6, and 
39 — 40 the period of expansion of the 05 
gases in the auxiliary turbine which 
drives the auxiliary turbo-compressor 2. 

It will be seen from the entropy 
diagram that a change in the heat varia- 
tion represented by the line 22 — 23 and 100 
that represented by the line 39 — 40 as 
indicated in dotted lines will, with a 
suitable adjustment of the cooling 
between the compressor 2 and the com- 
pressor 4, result in a substantially hori- 105 
zontal shifting of the whole remainder of 
the diagram so that all the heat gradients 
still remain practically constant and the 
power of the plant is altered merely thy 
the^ whole process taking place over a 110 
different range of specific volumes. 

In the alternative construction diagram- 
matically shown in Figure 3 the 
apparatus comprises a main turbo- 
compressor 4 connected to n main turbine 115 
S driving an electric generator 20, and an 
auxiliary turbo-compressor 2 eiipplying 
air through a pipe 3 to the main turbo- 
compressor 4 and driven "by an auxiliary 
turbine 10 connected to a dynamo-electric_120 
machine 12 and coupled through con- 
ductors 50 and a regulating device 51 to 
the generator 20 ^ as in the construction 
shown in Figure 1. In the construction 
shown in Figure 3, however, only part of 125 
the- total quantity of gas passing" through 
the -main turbine 8 is caused to flow at a 
pressure higher than atmospheric pressure 
to the auxiliary turbine 10 through the 
recuperator 6 1 and is then, finally 130 
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expanded in the auxiliary turbine 10, the 
remainder of the gas being expanded to 
its final pressure in the main turbine S 
and then passed through a recuperator 
5 U J1 in which it is cooled by giving up heat 
to air delivered by the main turbo- 
compressor 4 through the combustion 
apparatus 7 to the main turbine 8. 
The operation of the installation shown 

10 in Figure 3 is thus as follows. The 
•working- medium is compressed in the 
auxiliary ^compressor 2 and passes there- 
from through the pipe 3 to the main com- 
pressor 4 which, as before, may have 

15 interstage cooling The air delivered by 
the main compressor 4 flows through two 
separate passages, one part of the air 
flowing through the recuperator G 11 
which is heated by the working medium 

20 leaving the final stage of the mam com- 
pressor, while the other part passes 
through the recuperator 6 1 in which it is 
heated by the working medium flowing 
from an intermediate stage in th* main 

25 turbine S to the auxiliary turbine 10. 
The two air passages J>oth lead to the 
combustion apparatus 7. In this^ con- 
struction also" the main turbine 8 has 
interstage heating. 

30 Having now particularly described and 
ascertained the nature of our said inven- 
tion and in what manner the same is to 
be performed, we declare that what we 
claim is: — . . 

35 L A gas turbine installation ot the 
kind referred to, in which the gases leave 
the main turbine at a pressure above 
utmospheric pressure, flow through the 
recuperator so as to impart heat to the 

40 compressed air and are then further 
expanded in an auxiliary turbine which 
drives an auxiliary turbo-compressor. 

2 A u.as turbine installation as claimed 
in Claim 1, in which the auxiliary turbo- 

45 compressor draws in air from the atmos- 
phere and . delivers it under pressure to 
the main turbo-compressor. 

3. A gas turbine installation as claimed 
iii Claim 2, in which at least oae mter- 

50 mediate cooler for the air is interposed 
between the auxiliary turbo-compressor 
smd the main turbo- compressor. 

4 A »>*as turbine installation as claimed 
in Claim 1 or Claim 2- or Claim 3, in 

55 vhich the quantity of compressed arr 
supplied to the combustion apparatus can 
be Varied at will by controlling the speed 
of the auxiliary turbine and turbo- 
i-ompressor for the purpose of.-regulating 

60 the power output of the- installation.^ 

8. A iras turbine installation as claimed 
iu ' any" one of the preceding claims, in 
TvJrch' the auxiliary turbine and tur De- 
compressor are coupled to an auxiliary 

65 machine, for example a dynamo-electric 



machine, which can either absorb power 
from or give power to the auxiliary 
turbine and turbo-compressor for the 
purpose of controlling the speed of the 
auxiliary turbine and turbo-compressor 70 
and regulating the operation of the 
installation. 

G. A gas turbine installation as claimed 
in Claim 5, in which the main turbine 
drives, an. electric generator and the 75 
auxiliary machine is in the form of a 
dynamo-electric machine so electrically 
coupled to the genera-tor that its speed i* 
determined directly in accordance with 
the power given out by the generator. 80 

7. A gas turbine installation^ claimed 
in Claim 1. in which an auxiliary com- 
bustion chamber is provided through 
which the air delivered by the auxiliary 
turbo-compressor can be supplied direct o0 
to the auxiliary turbine for the purpose 

of enabling the auxiliary turbo-^om- 
pressor and turbine to be run indepen- 
dently when desired as a gas turbine 
installation. m •» 

8. A gas turbine installation as claimed 
in Claim-7, in which the auxiliary turbine 
and turlso-compressnr can be coupled at 
will to the main turbo-compressor and 
turbine through reduction gearing and a 9o 
clutch whereby the main gas turbine 
plant can. be 'started by the auxiliary 
turbine and turbo-compressor acting as ft 
gas turbine installation, 

£L A gas turbine installation as claimed 100 
in Claim 1, iu which valve apparatus i* 
provided in the pipe connecting the 
Tecuperator to the auxiliary, turbine 
wherebv this pipe cau be connected at 
■will either to an intermediate stage of 105 
the main turbine or to the atmosphere for 
the purpose of enabling a quick change in 
the speed of the auxiliary turbine and 
turbo-compressor to be obtained. 

10. A gas turbine installation as 110 
claimed in any one of the preceding 
claim*, in which only a part of the 
products of combustion are tahen from 
the main turbine at a pressure above 
atmospheric pressure., passed through the 115 
recuperator and are then expanded in the 
(auxiliary turbine while the remaining 
part of these gases is expanded in the 
main turbine approximately to atmos- 
pheric pressure and then passed through 120 
a second recuperator. 

11. A gas turbine installation a.- 
claimed in any one of the preceding 
claim*, in which any one or more of the 
units of which the installation consist* 125 
in the form of a series of elements ov 
stages together constituting the unit. 

].2. A gas . turbine installation. ^ a* 
claimed iu any one of the preceding 
claims, in which means are provided 130 
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whereby power can be transmitted from 
the auxiliary turbine and turbo-com- 
pressor to the main turbine andturbo- 
comipreseor for the purpose of enabling 

5 tlie main turbine and tuxtoo^compTessox to 
•be started up by power supplied thereto 
from the auxiliary turbine and- -.-turbo- 
compressor operating as an independent 
gas turbine installation. 

10 13. A gas turbine installation as 
-claimed in Claim 7, in which during 
starting of the main turbine and turbo- 
compressor the dynamo-electric machine 



coupled to the auxiliary turbine and 
turbo-compressor acts as a generator the 15 
output of which is supplied to a main 
generator coupled to the main tunbine 
and turbo-compressor. 

14. The complete gas. turbine installa- 
tion substantially as described with 20 
reference to and diagrammatically illus- 
trated in Figure 1 or in 3?igure 3 of the 
accompanying drawings. 

Dated this 26th day of May, 1939. 
KILBimN & STUOBE, 
Agents for the Applicants. 
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